Introduction
When economically priced, by-product feedstuffs are feasible replacements for traditional feedst,uffs in ruminant diets. Soybean hulls ( SH) are high in NDF and ADF, but they are low in lignin ( 2 % lignin; NRC, 1982) , resulting in an in vitro DM digestibility that may exceed 90% (Quicke et al., 1959) . Hintz et al. ( 1964) considered SH to be a bulky concentrate similar to beet pulp, rather than a roughage, in spite of the high fiber content of SH. When SH were fed at J. h i m . Sci. 1995. 73:2706-2711 low inclusion rates in high-forage (> 50% forage) beef cattle diets, the nutritive value of SH was estimated to be similar to that of corn (Hibberd and Chase, 1986; Hibberd et al., 1987; Anderson et al., 1988a) . Animal and vegetable fats, or blends thereof, are commonly added to beef cattle diets to increase energy density and improve handling characteristics. The dietary addition of fat at greater than 2 to 3% of DM may decrease digestibility of fibrous feedstuffs such as SH, by inhibiting fibrolytic bacteria (Palmquist, 1988) . However, energy provided by fat may compensate for the potential reduction in energy derived from fermentation of SH fiber. Consequently, the intake of DE may be unaffected, or even improved, with higher amounts of dietary fat.
The objectives of this research were to establish a value for SH as a replacement for corn in concentrate diets fed to beef cattle and to examine whether the amount of dietary fat affected this estimate. 1992. The steers were adapted to a 75% corn-based diet 21 d before initiation of the study. The steers were injected with Ivermectin (MSD AGVET, Division of Merck and Co., Rahway, N J ) and implanted with Synovex-S@ (Syntex, West Des Moines, IA) when the study was initiated. Initial weights were the average of weights on two consecutive days at the initiation of the study. The steers were blocked by initial weight into three weight groups and allotted randomly to 1 of 8 pens (three steers per pen) in the heavy weight block (average weight = 486 f 3.6 kg) 1 of 16 pens (four steers per pen) in the intermediate weight block (average weight = 448 f 2.5 kg), and 1 of 8 pens (four steers per pen) in the light weight block (average weight = 410 k 3.6 kg). The steers were housed in confinement barns in pens (3.05 m x 3.05 m ) equipped with automatic waters, concrete fenceline feedbunks, and concrete slatted floors. Treatments were assigned randomly to pen within block in a 4 x 2 factorial arrangement of treatments. Main factors were amount of SH (0, 20, 40 , or 60% of diet DM) and amount of added fat ( 0 or 5% of diet DM). The composition of diets is shown in Table 1 . The diets were formulated, on a DM basis, to contain 11.5% CP, 5 % Ca, and .35% P to meet or exceed NRC (1984) recommendations.
Diets were formulated using tabular values for mineral content of feedstuffs (NRC, 1982) . The diets were fed once daily and steers had ad libitum access to feed and water. Refused feed was removed from the feedbunks and weighed twice weekly immediately before the daily feeding. The cattle were weighed before feeding at 14-d intervals throughout the study. Due to relatively poor performance of steers consuming the high-SH diets, the study was terminated at 84 d, and no carcass measurements were collected. Final weights were considered the average of weights taken before feeding on two consecutive days at the termination of the study.
Individual feedstuffs were collected at the initiation of the study and at 14-d intervals during the study. The samples were dried in a forced-draft oven at 55°C for 48 h, ground (l-mm screen), and analyzed for concentrations of DM (AOAC, 1984) , NDF (Van Soest et al., 1991) , and N (macro-Kjeldahl procedure; AOAC, 1984).
Trial 2: Sheep Digestion Trial
Sixteen crossbred wethers (average weight = 47 k 2.6 kg) were used in a randomized complete block design study to estimate digestibility of NDF and energy of diets. Wethers were weighed and placed in individual stainless steel metabolism crates (84 cm h x 61 cm W x 123 cm 1) with expanded metal floors. The crates were housed in a temperature-controlled room (22°C) under continuous lighting. Each wether was restrained with a neck collar and had access to a nipple waterer and stainless steel feeder. The wethers were allowed to adjust to the metabolism crates over a period of 12 d, during which time the wethers were adjusted from a 50% alfalfa haylage diet to the treatment diets. The study consisted of three 15-d periods. Each period consisted of 10 d for diet adaptation followed by 5 d for sample collection. The wethers were randomly assigned to treatment in each period with the condition that no wether receive the same treatment twice (number of observations per treatment = 6). A 4 x 2 factorial arrangement of treatments was employed. Main factors were amount of SH (0, 20, 40 , or 60%' of diet DM) and amount of added fat ( 0 or 5% of diet DM). The composition of diets is shown in Table 2 . The diets were formulated, on a DM basis, to contain 11.5% CP, 5 % Ca, and .35% P. The diets were fed once daily and wethers had ad libitum access t o feed. Refused feed was removed and weighed before each feeding, and DM offered was adjusted accordingly.
On d 11 through 15 of each period, feces was quantitatively collected and weighed for each wether. A subsample was composited by animal and frozen for subsequent analysis. Samples of complete diets were taken for 2 d before and on each day of the collection period. Feces and diet samples were dried in a forceddraft oven at 55°C for 48 h (diets) or 96 h (feces) and ground (l-mm screen). The samples were analyzed for concentrations of DM (AOAC, 19841, NDF (Van Soest et al., 19911 , and GE (Parr 1241 Calorimeter, Parr Instruments, Moline, IL). Samples of diets were analyzed for N content by macro-Kjeldahl procedures (AOAC, 1984) .
ET AL.
In Situ Evaluation of Soybean Hulls
Samples of SH and alfalfa hay (56.0% NDF, 39.6% ADF, 15.9%' CP; used as a reference) were ruminally incubated in Dacron bags in two Holstein steers to determine the rates of DM and NDF disappearance. The steers had ad libitum access t o a diet similar to the 0% fat, 0% SH diet. Samples of each feed were dried in a forced-draft oven at 55"C, ground (l-mm screen), and weighed (approximately 2.0 g) into 5-cm x 15-cm Dacron bags with a pore size of 45 pm. The bags were tied shut and ruminally incubated according t o the method of Nocek and Russell ( 1988) . The bags were incubated for 0, 6, 12, 18, and 24 h and were placed in the rumen in reverse sequence (i.e., 24-h bags first). Upon removal, the bags were rinsed with cool running tap water for approximately 1 h and dried in a forced-draft oven at 55°C for 24 h. Dry bags and residues were weighed, and DM disappearance was determined by correcting for contamination of the blank of the corresponding incubation time. Samples of feedstuffs and residues were analyzed for NDF concentration (Van Soest et al., 19911 , and rates of DM and NDF disappearance were calculated using a nonlinear procedure (Orskov and McDonald, 1979) .
Statistical Analysis
Three steers were removed from the study within the first 2 1 d of the trial and thus were not included in the statistical analysis. Data from Trials 1 and 2 were analyzed by ANOVA using the GLM procedure of SAS (1988) for a randomized complete block design.
Because block effects were not significant ( P > .05) in either trial, the sums of squares and degrees of freedom due to block were pooled with error. Sums of squares for treatment were separated into effects of amounts of SH and added fat, and the interaction. Sums of squares for treatment were separated further using the CONTRAST statement of SAS ( 1988) to examine linear and quadratic effects of SH. Means for treatments were generated using the Least Squares option. Effects were considered to be significant at P < .05 unless otherwise stated. Because the interaction of fat and SH was not significant, main effect means are presented in Tables  3 and 4 .
Results and Discussion
The nutrient composition of diets fed in Trial 1 is shown in Table 1 . At the initiation of the study, the corn and SH had similar CP concentrations (10.5% CP, DM basis); however, as the trial progressed the CP content of the corn decreased to an average of 8.8% (DM basis).
Although all diets were predicted to supply metabolizable protein in excess of NRC ( 1984) recommendations, diets containing higher amounts of corn had slightly less total CP content than diets containing SH. Fat addition tended ( P = .08) to improve efficiency but did not affect ( P > .05) ADG or DM1 (Table 3 ) . In Trial 2, fat had no effect ( P .05) on intakes of DM or NDF or on digestion of these nutrients by wethers (Table 4) . Although feeding fat has been shown to inhibit the growth of fibrolytic bacteria (Palmquist, 19881 , a fat x SH interaction was not detected ( P .05) in either Trials 1 or 2. Furthermore, the digestibility of NDF was numerically greater in Trial 2 with the addition of fat to the diet (Table 4 ) . This contradicts the results of Shain et al. (1993) , who reported that the rate of digestion of NDF was lower for a combination of SH:lecithin:soapstock than for SH alone when fed in a forage-based diet. Increased DM1 (Tables 3 and 4) and numerically increased intake of DE (Table 4) between fat and SH in this study. Furthermore, DE provided by fat may mask changes in the digestion of SH resulting from fat addition, thereby maintaining animal performance when energy is first-limiting for growth.
Replacing corn with SH in Trial 1 linearly ( P = .028) decreased ADG and increased DM1 (linear, P = .003; quadratic, P = .06), resulting in a linear ( P < .001) reduction in gain efficiency (Table 3) . Hsu et al. (1987) fed SH at 25 and 50% of diet DM in beef cattle diets and observed similar decreases in gain efficiency but only slight decreases in ADG and increases in DMI. Hsu et al. ( 1987 ) observed decreased gain and gain efficiency and increased DM1 when SH replaced corn in diets fed to growing lambs. When diets based on alfalfa and grass hay were supplemented with 2.1 kgld (approximately 30% of the daily ration) of SH or corn, Anderson et al. ( 1988b) observed lower gain and gain efficiency and higher DM1 by steers fed SH rather than corn. The contrasting effects of SH on animal performance in forage vs concentrate diets may be related to the inclusion rate of SH. At low inclusion rates, feeding SH does not compromise performance because SH are fairly digestible compared with corn. However, at higher inclusion rates, animal performance may be compromised. This idea is supported by the work of Coffey and Lomas ( 1989 1, who reported numerical increases in gain and DM1 when SH replaced onethird of the grain sorghum in concentrate diets fed to steers. When included at low percentages of diet DM in concentrate diets, SH may reduce metabolic upsets, thereby increasing energy availability from other dietary components. In the case of forage-based diets, SH probably do not decrease fiber digestion as do starch-containing feedstuffs, such as corn. Consequently, DE intake may be enhanced by feeding SH compared with cereal concentrates. Consistent with the results of the steer finishing trial, SH linearly ( P = .003) increased DM1 by sheep (Table 4) . However, the quantities of DM digested per day were unaffected ( P > .05) by SH, resulting in a 'JL = linear response.
"Q = quadratic response.
' NS = not statistically significant.
linear ( P c .001) decrease in DM digestibility as a percentage of intake. Digestion of NDF, as a percentage of intake, tended ( P = .l51 to increase, and the quantities of NDF digested per day linearly ( P < .001) increased with increased SH. Although our estimates of NDF digestibility are lower than those reported by Anderson et al. (1988b) when diets containing SH were fed to sheep or steers, our estimates may be a reflection of a markedly different ruminal environment. This is supported by results of our in situ incubation of SH. The rate of disappearance of NDF from SH was 6.15%/h, whereas Anderson et al. (1988b) reported a higher rate of NDF disappearance from SH (7.5%/h). In that study (Anderson et al., 1988b) , SH were incubated in steers fed an alfalfa hay-based diet; in the present study, SH were incubated in steers fed a corn-based diet. In our study, feeding a concentrate rather than a forage diet to the donor animal probably more accurately simulated the ruminal environment of animals in Trials 1 and 2. Hence, the lower NDF disappearance rates and lower NDF digestibilities when low amounts of SH were fed than when high amounts were fed in our study may have been due to inhibition of fibrolytic bacteria by a lower ruminal pH. Furthermore, differences in NDF digestion may be related to the nature of the NDF, in that the NDF in' SH may be more digestible than the NDF contained in other forages. This speculation is supported by the rate of disappearance of NDF in alfalfa hay, which was only .50%k. This surprisingly low rate of alfalfa fiber disappearance may indicate that the effects of an acidic ruminal environment may be more pronounced for forages than for high-fiber by-products, such as SH.
The digestion of GE linearly ( P < .001) decreased as SH increased, causing a linear ( P < .OO 1) decrease in the DE concentration of the diet (Table 4) . As SH replaced corn, the intake of DE was unaffected ( P > .05), indicating that wethers compensated for decreased DE concentration by increasing DMI. By fitting a linear regression model (SAS, 1988) to the data, and extrapolating that regression line to 100% replacement of corn with SH, the estimated DE content of SH was 74% of that of corn. This value is slightly higher than tabular values that predict SH to have 71% of the DE content of corn (NRC, 1984) .
Relative to ADG and gain efficiency observed in this study, SH had a predicted feed value of 80 and 74% of that of corn, respectively. The greater feed value of SH relative to corn in this study may be partially explained by the observation that, although the average concentration of DE of the diets fed in Trial 2 was similar to the estimated average DE concentration using tabular values for feedstuffs (NRC, 1984) , the measured concentration of DE in diets containing 0% SH was slightly lower than predicted from tabular values. This would tend to deflate the feeding value of corn in this study, leading to a greater relative energy value for SH. The less efficient utilization of diets based on 0% SH may have occurred because of metabolic upsets; this speculation supports the idea that the inclusion of SH at low percentages of diet DM may reduce the incidence of metabolic derangements. Further research with lower inclusion rates than those used in our study are needed to confirm this speculation.
Implications
Soybean hulls have an estimated feeding value of 74 to 80% of that of corn when included in moderate to high amounts in corn-based beef finishing diets. Fat does not seem to compromise the digestible energy content of diets containing soybean hulls and thus can be used to increase dietary energy concentration and animal performance. The use of soybean hulls at high percentages of diet dry matter (> 20%) in concentratebased diets should be dictated by the cost of soybean hulls relative to cereal grains within the context of reduced gain, increased intake, and reduced gain efficiency.
